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Answer all questions in the spaces provided.

m Figure 1 shows all the chromosomes present in one human cell during mitosis. A
scientist stained and photographed the chromosomes. In Figure 2, the scientist has
arranged the images of these chromosomes in homologous pairs.

Figure 1 Figure 2

- Give two pieces of evidence from Figure 1 that this cell was undergoing mitosis.
Explain your answers.

[2 marks]

1. The chromosomes are visible as separate, distinct structures because

they have condensed (supercoiled and become short and thick).

2. Each chromosome is made of two sister chromatids joined at a

centromere, because the DNA has already replicated (in interphase).
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- Tick (v') one box that gives the name of the stage of mitosis shown in Figure 1. box
[1 mark]

Anaphase

Interphase

Prophase \/

Telophase

- When preparing the cells for observation the scientist placed them in a solution that
had a slightly higher (less negative) water potential than the cytoplasm. This did not
cause the cells to burst but moved the chromosomes further apart in order to reduce
the overlapping of the chromosomes when observed with an optical microscope.

Suggest how this procedure moved the chromosomes apatrt.
[2 marks]

The solution has a higher water potential than the cytoplasm, so water

moves into the cells by osmosis.

This makes the cell / cytoplasm swell and increase in volume, so the

chromosomes inside are spread further apart from each other.

Question 1 continues on the next page

Turn over »
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- The dark stain used on the chromosomes binds more to some areas of the
chromosomes than others, giving the chromosomes a striped appearance.

Suggest one way the structure of the chromosome could differ along its length to
result in the stain binding more in some areas.
[1 mark]

The base sequence of the DNA differs along the chromosome, and the

DNA is condensed (supercoiled) | associated with histones to different

degrees in different regions, so more stain binds in some areas.

- In Figure 2 the chromosomes are arranged in homologous pairs.
What is a homologous pair of chromosomes?

[1 mark]

Two chromosomes (one maternal, one paternal) that carry the same

genes at the same loci, although they may carry different alleles of

those genes.

@ Give two ways in which the arrangement of prokaryotic DNA is different from the
arrangement of the human DNA in Figure 1.

[2 marks]

1. Prokaryotic DNA is circular, not linear like the human chromosomes.

2. Prokaryotic DNA is not associated with histone proteins (it is ‘naked'

DNA).
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n A student investigated the effect of surface area on osmosis in cubes of potato. box

He cut two cubes of potato tissue, each with sides of 35 mm in length.

He put one cube into a concentrated sucrose solution.

He cut the other cube into eight equal-sized smaller cubes and put them into a
sucrose solution of the same concentration as the solution used for the large cube.
He recorded the masses of the cubes at intervals.

His results are shown in Figure 3.

Figure 3
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- Describe the method the student would have used to obtain the results in Figure 3.

Start after all of the cubes of potato have been cut. Also consider variables he should
have controlled.

[3 marks]

Put the large cube and the eight small cubes into separate beakers

containing the same volume of the same concentration of sucrose

solution, making sure all the cubes are fully submerged and not

touching, so all cut surfaces are exposed to the solution.

Keep both beakers at the same constant temperature, e.g. in a water

bath at 2S5 °C.

Every 10 minutes for 160 minutes remove the cubes, gently blot them

dry with a paper towel to remove excess solution, and record the total

mass on a balance, then put them straight back into the solution.

Cut all the cubes from the same potato, so they start with the same

water potential.

[Extra space]

Question 2 continues on the next page
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- The loss in mass shown in Figure 3 is due to osmosis. The rate of osmosis between

0 and 40 minutes is faster in B (the eight small cubes) than in A (single large cube).

s the rate of osmosis per mm? per minute different between A and B during this time?

Use appropriate calculations to support your answer.
[3 marks]

No, the rate per mm? per minute is about the same.

Surface area of A = 6 x 352 = 7350 mm?

Each small cube has sides of 17.5 mm, so SA of B = 8 x 6 x17.5 =

14700 mm?

Rate of osmosis 0 to 40 min: A = (62 — §7) + 40 = 0.125 g min”!

B =(62-53) <40 = 0225 g min”

Rate per mm?* A = 0125 + 7350 = 1.70 x 10 g mm™2 min

B =0225 + 14700 = 1.53 x 10 g mm™ min™!

These values are very similar, so the faster rate in B is due to its

larger total surface area.
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n Bees are flying insects that feed on nectar made in flowers. There are many different
species of bee.

Scientists investigated how biodiversity of bees varied in three different habitats
during a year. They collected bees from eight sites of each habitat four times per year

for three years.
The scientists’ results are shown in Figure 4 in the form they presented them.

Figure 4

- What is meant by ‘species richness’?

The number of different species present in a community / habitat.

[1 mark]
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- From the data in Figure 4, a student made the following conclusions.

1. The natural habitat is most favourable for bees.
2. The town is the least favourable for bees.

Do the data in Figure 4 support these conclusions? Explain your answer.
[4 marks]

1. The natural habitat is most favourable for bees.

Partly. Yes: mean species richness is highest in the natural habitat at

all times, and the natural habitat has the highest peak in mean number

of bees (about 195), with more bees than the other habitats until

about day 200.

No: after about day 220 the natural habitat has the lowest mean

number of bees, so it is not the most favourable all year.

2. The town is the least favourable for bees.

Partly. Yes: from about day 125 onwards the town has the lowest mean

species richness, and its peak species richness is lower than both natural

and farmland.

No: before day 125 farmland has a lower species richness than the

town, and the number of bees in town s similar to farmland (farmland

is lower until day 140).

Also, the number of bees of each species was not counted, so no index

of diversity was calculated.
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- The scientists collected bees using a method that was ethical and allowed them to
identify accurately the species to which each belonged.

In each case, suggest one consideration the scientists had taken into account to
make sure their method

[2 marks]

1.was ethical. The bees must not be harmed, e.g. caught in a net and

released unharmed in the same place after identification.

2. allowed them to identify accurately the species to which each belonged.

Allow close examination of each bee (e.g. with a hand lens) and use a

dichotomous key / photographs to identify the species.
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- Suggest and explain two ways in which the scientists could have improved the box

method used for data collection in this investigation.
[2 marks]

1. Collect bees at more times of the year (e.g. every month), so there

are more points on the graph and the line of best fit is more reliable.

Count the number of individuals of each species, so that an index of

2. diversity could be calculated.

Question 3 continues on the next page

Turn over »
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. Three of the bee species collected in the farmland areas were Peponapis pruinosa, box
Andrena chlorogaster and Andrena piperi.
What do these names suggest about the evolutionary relationships between these
bee species? Explain your answer.
[2 marks]
Andrena chlorogaster and Andrena piperi are more closely related to each
other than either is to Peponapis pruinosa.
This is because they are in the same genus (Andrena), so they share a
more recent common ancestor.
11
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- Formation of an enzyme-substrate complex increases the rate of reaction. box

Explain how.
[2 marks]

It lowers the activation energy of the reaction.

When the substrate binds to the active site, the enzyme puts strain on

/ bends the bonds in the substrate, so they break more easily and the

reaction needs less energy.

- A scientist measured the rate of removal of amino acids from a polypeptide with and
without an enzyme present. With the enzyme present, 578 amino acids were

released per second. Without the enzyme, 3.0 x 10~° amino acids were released per
second.

Calculate by how many times the rate of reaction is greater with the enzyme present.
Give your answer in standard form.

[2 marks]
Rate with enzyme < rate without enzyme
=578 + (3.0 x 10%)
= 1.926 x 10"
Answer = 1.93 x 10" times faster

Turn over »
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Another scientist investigated an enzyme that catalyses the following reaction.
ATP — ADP + Pi

The scientists set up two experiments, C and L.

Experiment C used

e the enzyme

¢ different concentrations of ATP.

Experiment L used

e the enzyme

o different concentrations of ATP
e a sugar called lyxose.

The scientists measured the rate of reaction in each experiment. Their results are
shown in Figure 5.

Figure 5
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- Calculate the rate of reaction of the enzyme activity with no lyxose at 2.5 mmoldm™ of box
ATP as a percentage of the maximum rate shown with lyxose.

[2 marks]
No lyxose (C) at 2.5 mmol dm™ = 0.4 units of Pi min”
Maximum rate with lyxose (L) = 1.4 units of Pi min™
(0.49 < 1.4) x 100 = 31.43%
Answer = 3.4 %

Question 4 continues on the next page

Turn over »
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- Lyxose binds to the enzyme.

Suggest a reason for the difference in the results shown in Figure 5 with and without
lyxose.

[3 marks]

Lyxose binds to the enzyme at a site other than the active site, and

this changes the tertiary structure of the enzyme.

This changes the shape of the active site so it becomes more

complementary to ATP.

So more enzyme-substrate complexes form per minute (they form more

gquickly), so the rate of reaction is higher at every ATP concentration.

[Extra space]
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- Draw the general structure of an amino acid.

R (R = variable side group)

H,N— C — COOH

H

Camine group) (carboxyl group)

[1 mark]

Table 1 shows mRNA codons and the amino acids coded for by each codon. It also

shows some properties of the R group of each amino acid.

Table 1

2 0
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[0]5][2] The genetic code is described as degenerate. box

What is meant by this? Use an example from Table 1 to illustrate your answer.
[2 marks]

More than one codon (triplet of bases) codes for the same amino acid.

E.g. from Table |, valine (Val) is coded for by GUU, GUC, GUA and
6U6.

Question 5 continues on the next page
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A scientist investigated changes in the amino acid sequence of a human enzyme
resulting from mutations. All these amino acid changes result from single base

substitution mutations.
This enzyme is a polypeptide 465 amino acids long.

Table 2 shows the result of three of the base substitutions.

Table 2
Amino acid Correct amino Amino acid inserted as a result of
number acid mutation
203 Val Ala
279 Glu Lys
300 Glu Lys

- What is the minimum number of bases in the gene coding for this polypeptide?

46S amino acids x 3 bases per codon = 1395

Answer = 1395

[1 mark]

2 2
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[0[5][4]

Use information from Table 1 to tick (v) one box that shows a base substitution
mutation in DNA that would result in a change from Val to Ala at amino acid number

203
[1 mark]

CAA —> CGA \/

GUU — GCA

GUU — GUC

CAC — CGG

A change from Glu to Lys at amino acid 300 had no effect on the rate of reaction
catalysed by the enzyme. The same change at amino acid 279 significantly reduced
the rate of reaction catalysed by the enzyme.

Use all the information and your knowledge of protein structure to suggest reasons for
the differences between the effects of these two changes.
[3 marks]

In both cases the amino acid changes from Glu, which has a negatively

charged R group, to Lys, which has a positively charged R group.

Amino acid 300 is probably not involved in bonds that hold the tertiary

structure, so the change does not alter the shape of the active site and

the rate stays the same.

Amino acid 279 may form ionic | hydrogen bonds that hold the tertiary

structure, so changing its charge changes the shape of the active site;

or 279 may be in the active site itself and be needed to bind the

substrate, so fewer E-S complexes form.
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Figure 6 shows a faulty form of meiosis that can occur in some plants. box
Figure 6
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- Complete Figure 7 to show the chromosome content of the cells that would result box

from a normal meiotic division of the diploid parent cell shown in Figure 6.
[2 marks]

Figure 7

Chromosome
m m content after 1st
division of meiosis

2nd division of meiosis

. . Chromosome

content of the four

‘ ‘ daughter cells

Question 6 continues on the next page
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- If two diploid (2n) gametes fuse at fertilisation, it can result in the growth of a tetraploid

plant which has 4 copies of each chromosome.

Red clover is a plant grown to produce cattle feed. Tetraploid red clover plants
produce a higher yield than diploid red clover plants.

Whether a red clover plant produces 2n gametes is genetically controlled.

Scientists investigated the possibility of breeding red clover plants that only produced
2n gametes.

¢ In breeding cycle 0, they grew red clover plants and identified plants that produced
2n gametes.

¢ In breeding cycle 1, they used the plants producing 2n gametes to produce
offspring.

¢ In breeding cycles 2 and 3, they identified plants producing 2n gametes and used
these to produce offspring.

Their results are shown in Table 3.

Table 3
Observed Expected
Breeding Number of Number of Number of Number of
cycle plants that plants that plants that plants that
did not did produce did not did produce
produce 2n 2n gametes produce 2n 2n gametes
gametes gametes
0 50 4 50 4
1 14 42 52 4
2 2 44
3 0 56

The scientists used the following null hypothesis.

‘The proportion of plants that produce 2n gametes will not change from one breeding
cycle to the next.’

Complete Table 3 to show the expected number of plants that did not produce 2n
gametes and the expected number of plants that did produce 2n gametes after 1
cycle.
Give each answer to the nearest whole number.

[2 marks]

Proportion producing 2n in cycle 0 = 4 + 54. Total in cycle | = 14 + 42 = $6

Expected 2n = 56 x 4 + §4 = 4.1S ~ §  Expected not 2n = S6 — 4 = §2

2 6
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- The scientists tested their null hypothesis using the chi-squared statistical test. box
After 1 cycle their calculated chi-squared value was 350
The critical value at P=0.05 is 3.841

What does this result suggest about the difference between the observed and
expected results and what can the scientists therefore conclude?
[2 marks]

350 is greater than the critical value of 3.84l, so there is less than a

$% probability that the difference between the observed and expected

results is due to chance, so the null hypothesis is rejected.

They can conclude that the proportion of plants producing 2n gametes

does change from one breeding cycle to the next.

- Use your knowledge of directional selection to explain the results shown in Table 3.
[3 marks]

The scientists selected only the plants that produced 2n gametes and

used them for breeding (artificial / directional selection).

These plants passed on their alleles for producing 2n gametes to the

next generation, and plants producing n gametes did not breed.

So the frequency of the alleles for 2n gamete production increased in

the population each cycle, until all S6 plants produced 2n gametes by

cycle 3.

[Extra space]
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- When a person is bitten by a venomous snake, the snake injects a toxin into the box
person. Antivenom is injected as treatment. Antivenom contains antibodies against
the snake toxin. This treatment is an example of passive immunity.

Explain how the treatment with antivenom works and why it is essential to use passive
immunity, rather than active immunity.
[2 marks]

The antibodies in the antivenom are complementary to and bind to the

toxin (antigen), forming antigen-antibody complexes, which causes

agglutination and its destruction by phagocytosis.

Active immunity would be too slow, as it takes days for plasma cells to

produce enough antibodies, and the person could die before then. Passive

immunity works straight away.

2 8
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Figure 8 shows a procedure used to produce antivenom. box
Figure 8

- A mixture of venoms from several snakes of the same species is used.

Suggest why. : )
2 marks

Snakes within one species may have different alleles / mutations, so

they produce different forms of the toxin (different antigens).

A mixture means several different antibodies are made, complementary

to all the different antigens.

Turn over »
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- Horses or rabbits can be used to produce antivenoms.

When taking blood to extract antibody, 13 cm?® of blood is collected per kg of the
animal’s body mass.

The mean mass of the horses used is 350 kg and the mean mass of the rabbits used
is 2 kg

Using only this information, suggest which animal would be better for the production of
antivenoms.
Use a calculation to support your answer.

[2 marks]

Horses would be better, because much more blood (so more antibody)

can be collected from each animal.

Horse: 13 x 350 = 4550 c¢m? of blood. Rabbit: 13 x 2 = 26 cm? of

blood.

48550 + 26 = 175, so you would need 175 rabbits to get the same

volume of blood as one horse.

- During the procedure shown in Figure 8 the animals are under ongoing observation

by a vet.

Suggest one reason why.
[1 mark]

To make sure the animal is not suffering from the effects of the

venom, or from anaemia as a result of the blood being collected.
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- During vaccination, each animal is initially injected with a small volume of venom. box
Two weeks later, it is injected with a larger volume of venom.

Use your knowledge of the humoral immune response to explain this vaccination
programme.
[3 marks]

The first small dose of venom causes a primary immune response: B

cells with receptors complementary to the venom antigen are selected

and divide by mitosis (clonal selection). The dose is small so that the

animal is not killed.

These B cells differentiate into plasma cells, which secrete antibodies,

and memory cells.

The second, larger dose causes a secondary immune response: memory

cells rapidly divide into plasma cells, so antibodies are produced more

guickly and in a much higher concentration, so more antibody can be

collected for the antivenom.

[Extra space]

Turn over for the next question
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Scientists investigated the effect of a heat treatment on mass transport in barley box
plants.

e They applied steam to one short section of a leaf of the heat-treated plants. This
area is shown by the arrows in Figure 9.
¢ They did not apply steam to the leaves of control plants.
¢ They then supplied carbon dioxide containing radioactively-labelled carbon to each
plant in the area shown by the rectangular boxes in Figure 9.
o After 4 hours, they:
e found the position of the radioactively-labelled carbon in each plant. These
results are shown in Figure 9.
¢ recorded the water content of the parts of the leaf that were supplied with
radioactively-labelled carbon dioxide. These results are shown in Table 4.

Figure 9
A — Heat-treated Plant B — Control Plant, not heat treated
Table 4
Plant from which the Water content of leaf / % of maximum
leaf was taken (£ 2 standard deviations)

Heat-treated Plant 84.6

A (£11.3)

Control Plant

’ 92.8

not heaétreated (+8.6)
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- The scientists concluded that this heat treatment damaged the phloem. box

Explain how the results in Figure 9 support this conclusion.
[2 marks]

The radioactive carbon is converted into sugars (organic substances, e.g.

sucrose) in photosynthesis.

In control plant B the labelled sugars were moved throughout the plant

by translocation in the phloem, but in A they did not move past the

heated section, so heat must have damaged the living phloem cells

(which need ATP / respiration for transport).

- The scientists also concluded that this heat treatment did not affect the xylem.

Explain how the results in Table 4 support this conclusion.
[2 marks]

The water content of the leaves is not significantly different, because

the ranges of * 2 standard deviations overlap (73.3 to 95.9 for A and

84.2 to 101.4 for B).

So water is still being transported in the xylem to the leaf of the

heat-treated plant. Movement in the xylem is passive (xylem cells are

dead), so it is not affected by heat.

Turn over »
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- The scientists then investigated the movement of iron ions (Fe*") from the soil to old box

and young leaves of heat-treated barley plants and to leaves of plants that were not
heat treated. Heat treatment was applied half way up the leaves. The scientists
determined the concentration of Fe* in the top and lower halves of the leaves of each
plant.

Their results are shown in Figure 10.

Figure 10
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What can you conclude about the movement of Fe** in barley plants?

Use all the information provided.
[4 marks]

Heat treatment has a much greater effect on young leaves than old

leaves.

In old leaves the ratio is almost the same with and without heat

treatment (0.96 vs 0.94), so Fe** still moves up past the damaged

phloem. This suggests Fe** is transported in the xylem in old leaves.

In young leaves heat treatment greatly reduces the ratio (0.28 to

0.06), so Fe*' is mostly transported in the phloem in young leaves.

Some Fe** still reaches the top half, so some must be moving in the

xylem.

Untreated old leaves have a higher ratio than untreated young leaves,

and all ratios are below |, so there is always less Fe** in the top half

than the lower half of the leaf.

However, no statistical test or standard deviations are given, so we

cannot tell if these differences are significant.
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- Describe the role of two named enzymes in the process of semi-conservative
replication of DNA.

DNA helicase breaks the hydrogen bonds between complementary bases

[3 marks]

on the two strands, so the double helix unwinds and separates and

each strand can act as a template.

Free DNA nucleotides then line up opposite their complementary bases

on each template strand.

DNA polymerase joins adjacent nucleotides together in condensation

reactions, forming phosphodiester bonds, to make the new

sugar-phosphate backbone.

Each new DNA molecule contains one original strand and one new

strand (semi-conservative).

[Extra space]
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- Scientists investigated the function of a eukaryotic cell protein called cyclin A. This
protein is thought to be involved with the binding of one of the enzymes required at
the start of DNA replication.

The scientists treated cultures of cells in the following ways.

C — Control cells, untreated

D — Added antibody that binds specifically to cyclin A

E — Added RNA that prevents translation of cyclin A

F — Added RNA that prevents translation of cyclin A and added cyclin A protein

They then determined the percentage of cells in each culture in which DNA was
replicating.

Their results are shown in Table 5.

Table 5

Cell treatment Percentage of cglls \_/vhere DNA was
replicating

C
Control 91
D 11
Antibody that binds specifically to cyclin A
E 10
RNA that prevents translation of cyclin A
F
RNA that prevents translation of cyclin A 92
and added cyclin A protein
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Suggest explanations for the results in Table 5.
[3 marks]

D: the antibody binds to cyclin A, so cyclin A cannot bind to the

enzyme | DNA, so DNA replication cannot be initiated in most cells

(1%).

E: the RNA is complementary to / binds to the cyclin A mRNA, so it

cannot be translated at the ribosome and cyclin A is not made, so

DNA replication cannot start (10%).

F: the added cyclin A protein replaces the cyclin A that is not

translated, so it can still bind to the enzyme and initiate DNA

replication (92%, similar to the control). This shows that it is cyclin A

that is being affected in D and E.

In D and E about 10% of cells still replicate DNA because the antibody

/ RNA has not bound to all of the cyclin A protein / mRNA, or because

some cyclin A had already been translated.

[Extra space]
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- Describe the gross structure of the human gas exchange system and how we breathe

in and out.

[6 marks]

Gross structure: air enters through the trachea, which splits into two

bronchi, one going to each lung. Each bronchus branches into many

smaller bronchioles, which end in wmillions of tiny air sacs called alveoli,

where gas exchange takes place.

Breathing in (inspiration): the diaphragm contracts and flattens, and

the external intercostal muscles contract (internal intercostals relax),

moving the ribcage up and out.

This increases the volume of the thoracic cavity, so the pressure inside

decreases to below atmospheric pressure, so air moves into the lungs

down the pressure gradient.

Breathing out (expiration): the diaphragm relaxes and domes upwards,

the external intercostal muscles relax and the internal intercostal

muscles contract, moving the ribcage down and in. The elastic lung

tissue also recoils.

This decreases the volume of the thoracic cavity, so the pressure

increases to above atmospheric pressure, so air is forced out of the

lungs.
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- Mucus produced by epithelial cells in the human gas exchange system contains
triglycerides and phospholipids.

Compare and contrast the structure and properties of triglycerides and phospholipids.
[5 marks]

Similarities: both contain glycerol, and both have fatty acids joined to

the glycerol by ester bonds (formed in condensation reactions). In both,

the fatty acids may be saturated or unsaturated. Both are insoluble in

water, and both contain carbon, hydrogen and oxygen.

Differences: a triglyceride has three fatty acids joined to glycerol, but a

phospholipid has two fatty acids and a phosphate group. So

phospholipids also contain phosphorus.

Triglycerides are entirely hydrophobic (non-polar), whereas phospholipids

have a hydrophilic (polar) phosphate head and hydrophobic fatty acid

tails.

So phospholipids form a bilayer / micelles in water (or a monolayer on

the surface), but triglycerides do not.
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[1]0][3]

Mucus also contains glycoproteins. One of these glycoproteins is a polypeptide with
the sugar, lactose, attached.

Describe how lactose is formed and where in the cell it would be attached to a
polypeptide to form a glycoprotein.
[4 marks]

Lactose is a disaccharide formed from one glucose and one galactose

molecule.

They are joined by a condensation reaction, which removes a molecule of

water.

This forms a (1,4) glycosidic bond between the two monosaccharides.

The lactose would be attached to the polypeptide in the Golgi apparatus,

which modifies proteins (after they are made at ribosomes on the rough

ER), to form the glycoprotein.
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